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Abstract 
A reformate fuel cell system is one of the most promising power generation systems in the future. 
Thus, it is important to understand the behaviour of a fuel cell in reformate gas. In this study, the fuel cell 
performance in the simulated reformate gas is studied. From this study, it is concluded that the fuel cell 
performance is influenced by the operational current, nitrogen concentration and the carbon monoxide 
concentration for a proton exchange membrane fuel cell which uses Pt/Ru as the anodic catalyst. A 
voltage fluctuation phenomenon at high carbon monoxide concentrations is observed and discussed in this 
study.  
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Nowadays, new clean energy technologies attract more and more researchers’ attention because the 
demand of low-carbon energy is expected to grow substantially in the future. A Proton exchange 
membrane fuel cell (PEMFC) is regarded as one of the most promising clean energy technologies because 
of its low level of noise, almost zero pollution emission, low level of-carbon emission, high energy 
efficiency and high system reliability [1]. However, before fuel cells are fully commercialized, two major 
issues need to be overcome. One is the fuel cell cost, and the other is the hydrogen supply [2-4]. One of 
best solutions to the hydrogen supply is the hydrogen-rich reformate because a reformer is one of the 
most fully developed hydrogen production technologies. In addition, a reformer can transform various 
hydrocarbon fuels into hydrogen-rich syn-gas. Thus, many researchers integrated a reformer system and a 
fuel cell system into a power generation system. The application of a reformate fuel cell system includes 
movable applications and small stationary applications, such as ground vehicles, marine vehicles, 
uninterruptable power supply systems, emergency power supply systems, and residential power 
generators [3, 5-9]. 
The reformate gas from a steam reformer (SR) system usually contains 20~35 % nitrogen and carbon 
dioxide [10]. The concentration of carbon monoxide is dependent on the performance of the preferential 
oxidation (PrOX) reactor. The carbon monoxide concentration for a state-of-the-art is lower than 5 ppm. 
A PEMFC with Pt-Ru/C as the anodic catalyst can obviously tolerate carbon monoxide concentration of 5 
ppm. However, a low carbon monoxide concentration may increase the cost of the PrOX reaction system. 
Thus, understanding the behavior of a PEMFC under reformate gas may help us to optimize the cost of a 
reformer system and the quality of the reformate gas. 
2. Experimental Setup 
2.1 The proton exchange membrane fuel cell 
The PEMFC used in this study is a self-made single cell (fig. 1). The active area of the membrane 
electrode assembly (MEA) is 25 cm2. The end plates were made of the aluminum alloy. The bipolar plates 
were made of graphite and the flow field was the serpentine design. The silicon based O-ring was used to 
seal the single cell. The current collection plates were made of gold coated copper. A proper assembly 
torque was applied to clip the single. The leaking test was performed before the test to prevent the fuel 
cell from leaks of hydrogen. The pressure drop was less than 1 psi in 10 minutes when the stack was filled 
with nitrogen of 25 psig. The sealing condition reached the testing requirement of the United State Fuel 
Cell Council [11]. The MEA is provided by Gore, and the catalyst of anode is the Pt-Ru/C composite, and 
the catalyst for cathode is Pt/C. The ratio of Pt loading to Ru loading is 1.0 for the anodic catalyst. The 
model number of gas diffusion layers is SGL-34BC. 
    The operational temperature of the single cell, the dew point of the anodic humidifier and the dew point 
of the cathodic humidifier were kept at 75 oC, 70 oC and 70 oC, respectively in all tests. The flow rate of 
anodic gas was fixed at 950 sccm for all cases of simulated reformate. The basic flow rate of air was 200 
sccm and the stoichiometric ratio of air was 4.0. 
2.2 Measurement facilities 
A self-made fuel cell test station was used to measure polarization curves of the single cell in this 
study. Via this test station, the voltage, current and the power can be measured, and the data can be 
acquired through a data acquisition system. The flow rate of the anodic gas was controlled by a flow 
controller which was acquired and controlled by LABVIEW software through an analogy to digital 
converter. The bubbling type humidifier was used in this test station. A heating system was designed to 
control the dew point of humidified gas. The accuracy of the temperature control was within ±1
o
C. In 
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order to supply the simulated reformate to the fuel cell, a gas mixer which was made by EnvironicsƯ was 
used. The model number of the gas mixer is S-4000. The accuracy of the flow rate and the gas 
concentration is ±1 %. The real-time concentration of the anodic exhaust gas was measured and recorded 
by a multi-component gas analyzer provided by Rose Analytical Inc.. The model number of the gas 
analyzer is NGA 2000. 
 
 
Figure 1  The schematic diagram of the single cell used in this study 
 
3. Results and Discussions 
In order to understand the behaviour of a fuel cell under reformate conditions, a gas mixer was used 
to supply the simulated reformate to the fuel cell. In this study, two kinds of simulated reformate, the 
CO/H2 mixture and CO/N2/H2 mixture, were supplied to the fuel cell.  
3.1  Effects of  current on the fuel cell performance in the CO/H2 mixture 
Fig. 2 shows the voltage variation with time at different operational currents in 10 ppm CO balanced 
hydrogen. As can be seen in fig. 2, the voltage drops at all currents when the 10 ppm balanced hydrogen 
is fed into the fuel cell. The voltage drops within 2 hr at 5A, 10 A and 15 A are 18 mV, 17 mV and 16.7 
mV, respectively. The decay rate of voltage within 2 hr is between 0.14 and 0.15 mV/min which is 
significant, relative to the condition of pure hydrogen. The voltage drops within 2 hr are 2.45%, 2.51% 
and 2.79% of the initial voltage at 5A, 10 A and 15 A, respectively.  
Fig. 3 shows the polarization curves after exposure to the 10 ppm CO/H2 mixture at different 
operational currents for 2 hr. The anodic gas for this polarization curve test is the 10 ppm CO balanced 
hydrogen. It is observed that the fuel cell performance decreases with the increase of the operational 
current in the 2-hr exposure. From this result, it is inferred that the amount of CO adsorbed on the catalyst 
surface increases with increasing the operational current. As observed in fig. 3, the performance drop 
after 2-hr exposure at 20 A is more significant than those at 5 A, 10 A and 15 A. Therefore, the 
performance drops significantly in hydrogen containing little CO for a PEMFC with Pt/Ru as the anodic 
catalyst, if it is operated at a high operational current. 
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Figure 3  Polarization curves after exposure to the 10 ppm CO/H2 mixture at different operational currents for 2 hr 
 
3.2 Effects of CO Concentration on the fuel cell performance in the CO/25% N2/H2 mixture 
The reformate gas can be produced by many reforming methods. According to the previous 
literatures [10, 12-15], steam reforming and auto-thermal reforming are the two major reforming methods 
to convert hydrocarbon fuels into hydrogen-rich reformate gas. Among these two reforming methods, 
steam reforming is adopted by many commercial reformer systems [10, 14, 16-17]. The reformate gas 
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from a steam reformer system usually contains 20~35 % nitrogen and carbon dioxide. In this study, we 
only added nitrogen in the simulated reformate gas. No carbon dioxide was added in the simulated 
reformate gas because we tried to simplify the experimental setup. Although carbon dioxide may cause a 
minor CO poisoning effect due to the reverse water gas shift reaction [18-19], the effect is slight enough 
to be neglected. Thus, 25 % nitrogen is added in the reformate gas to simulate the dilution effect of 
nitrogen and carbon dioxide in this work. The concentration of carbon monoxide in a reformer system is 
dependent on the performance of the PrOX reactor [20-21]. The carbon monoxide concentration for a 
state-of-the-art is lower than 5 ppm. A PEMFC with Pt-Ru/C as the anodic catalyst can obviously tolerate 
carbon monoxide concentration of 5 ppm. However, a requirement of the low carbon monoxide 
concentration may increase the cost of the PrOX reaction system. Thus, to understand the behavior of a 
PEMFC under reformate gas with different carbon monoxide concentrations is studied in this section. 
Fig. 4 shows polarization curves at different CO concentrations in the CO/25% N2/H2 mixture. As 
seen in fig. 4, the polarization curve using the 0 ppm CO/25% N2/H2 mixture is almost identical to the 
polarization curve using pure hydrogen. This is because the dilution effect of nitrogen is only significant 
when the hydrogen supply is insufficient [22]. In our test, the total flow rate of anodic gas is 950 sccm. In 
other words, hydrogen of 712 sccm is fed into the fuel cell, and it is about 4 times of the required 
hydrogen flow rate at 30 A. Thus, the performance at 0 ppm CO does not change. However, the 
performance starts to decrease while CO is added in the anodic gas. The phenomenon of performance 
drop becomes more significant when the CO concentration becomes higher. The voltage at 30 A with 10 
ppm CO is about 90.1 % of the voltage with 0 ppm CO. The ratio of the voltage at 30 A with 50 ppm CO 
to the voltage with 0 ppm CO decreases to 76.4 %. When 100 ppm CO is added in the anodic gas, the 
performance drops significantly, especially at high operational currents. The ratio of the voltage at 30 A 
with 100 ppm CO to the voltage with 0 ppm CO further decreases to 6.6 %. This phenomenon is probably 
due to the increase of the adsorption rate of CO on the catalyst surface at high CO concentrations. This 
phenomenon was also observed in some previous literatures [22-23].  
 
 
Figure 4  Polarization curves at different CO concentrations in the CO/25% N2/H2 mixture 
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Figure 5  Voltage variations with time at different CO concentrations in the CO/25% N2/H2 mixture 
 
Fig. 5 shows voltage variations with time at different CO concentrations in the CO/25% N2/H2 
mixture. As shown in fig. 5, voltage starts to decrease while CO starts to flow into the fuel cell. The 
voltage with 50 ppm CO reaches a stable value after about 40 min because the adsorption of CO on the 
catalyst surface is saturated. The voltage with 100 ppm CO decreases dramatically with time and it starts 
to fluctuate between 0.61 V and 0.3 V after about 15 min. This phenomenon of voltage fluctuation was 
observed in the previous literature [24] as well. It can be attributed to the interaction between the CO 
adsorption and the CO electro-oxidation. According to Bhatia et al. [22], an increase of anodic 
overpotential raises the electro-oxidation rate of CO on the catalyst surface. When the CO electro-
oxidation rate is higher than the CO adsorption rate, the CO coverage on the catalyst surface decreases, 
and accordingly the voltage arises rapidly. On the other hand, the electro-oxidation rate of CO starts to 
decrease while the anodic overpotential decreases. Thus, the change of voltage occurs repeatedly, i.e., the 
voltage fluctuation.  
In this study, we measure the in-situ CO concentration of the anodic exhaust to further understand 
the mechanism of CO adsorption on the catalyst surface at different conditions. Fig. 6 shows the voltage 
variation and CO concentration of the anodic exhaust using the 50 ppm CO/25% N2/H2 mixture as the 
anodic fuel. Fig. 7 shows the voltage variation and CO concentration of the anodic exhaust using the 100 
ppm CO/25% N2/H2 mixture as the anodic fuel. In these tests, the operational current is fixed at 15 A. As 
shown in fig. 6, the voltage decreases when 50 ppm CO starts to flow into the fuel cell. The voltage 
reaches a stable value of about 0.59 V after 35-min operation. At the same time, the in-situ measurement 
of CO concentration in the anodic exhaust shows that the CO concentration starts to increase when 50 
ppm CO starts to flow into the fuel cell. The CO concentration reaches a stable value of about 74 ppm 
after 30-min operation. The stable value of CO concentration in the anodic exhaust is higher than the 
feeding CO concentration of the inlet anodic fuel. This is because of the decrease of the hydrogen 
concentration in the anodic exhaust. As shown in fig. 7, the behavior of the voltage and the CO 
concentration in the anodic exhaust is similar to fig. 6. However, the voltage fluctuates and the CO 
concentration takes less time to reach stable at 100 ppm CO than 50 ppm CO. The measured CO 
concentration in fig. 7 reaches a peak value of 148 ppm before the stable value of 90 ppm. The stable 
value of CO concentration is lower than the feeding CO concentration of the inlet anodic fuel. This is due 
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to the increase of the CO oxidation rate on the catalyst surface which is caused by the increase of the 
anodic overpotential.  
 
  
Figure 6  The variation of the voltage and the CO 
concentration of the anodic exhaust using 50 ppm 
CO/25% N2/H2 mixture (operational current : 15 A) 
Figure 7  The variation of the voltage and the CO 
concentration of the anodic exhaust using 100 ppm 
CO/25% N2/H2 mixture  (operational current : 15 A) 
 
4. Conclusions 
In this study, effects of operational current on the fuel cell performance in the CO/H2 mixture and 
effects of CO Concentration on the fuel cell performance in the CO/25% N2/H2 mixture are studied. From 
this study, it is concluded that the performance of a proton exchange membrane fuel cell which use Pt/Ru 
as the anodic catalyst drops significantly at a high operational current in hydrogen containing little CO. It 
is also obtained that the effect of nitrogen dilution enhances the poisoning effect of carbon monoxide in 
the reformate gas. A voltage fluctuation phenomenon is observed at high carbon monoxide concentrations 
in this study. This phenomenon is relative to the interaction between the adsorption of carbon monoxide 
and the oxidation of carbon monoxide on the catalyst surface. 
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